Introduction
According to epidemiologic evidences there is relation between periodontal infections and a great number of systematic diseases, such as cardio-vascular, pulmonary, diabetes, etc. (3, 5, 6, 8, 9, 10, 25) . Periodontal infections are also a risk factor for development of chronic renal disease (21, 38) . the role of periodontal infection in end-stage renal failure has been discussed by Kshirsager er al. (26) . For an 18-month period of study the authors obtained that the death rate of patients with moderate and acute periodontitis, with cardio-vascular diseases and chronic renal failure was five times higher compared to that of patients with the same common diseases but without periodontitis.
In the modern scientific literature periodontal diseases are viewed as infectious diseases caused by microorganisms, existing in biofilm. the main pathogenic mechanisms of occurrence and development of periodontal infections are studied by Page (34) , accepted in the scientific literature and continue to be developed and added.
the clinical picture is a result of a complex interaction between microbial factors, common mechanisms of inflammatory and immune reaction, and risk factors (35) . In addition, periodontal lesions are considered to be a continually renewed source for systemic spreading of bacterial antigens, Gram-negative bacteria, cytokines, and other pro-inflammatory mediators (27, 28, 41) , through which distal organs and tissues could be affected.
the main aim of periodontal therapy is to arrest the inflammatory process and destruction, and to restore lost attachment and bone. the non-surgical stage of periodontal treatment includes personal oral-hygiene care and scaling and root planing (SRP) in order to reduce microorganisms and restrict inflammation. During this initial stage of treatment, modern technologies suggest including laser therapy as an adjunct to conventional therapy for controlling microorganisms and reduction of inflammation.
Diode lasers are claimed to be a modern technology in dentistry. the most widely-used diode lasers are GaAlAs (Gallium-aluminium-arsenide laser -808 nm) and inGaAs (indium-gallium-arsenide laser -980 nm). the application of diode lasers in periodontics is for reduction of bacterial load, subgingival curettage (removal of affected pocket epithelium); in periodontal surgery -for resection techniques -gingivectomy and gingivoplasty, lengthening of clinical crown, etc. there are few clinical studies focused on the effect of diode lasers application as an adjunct to SRP in the non-surgical stage of periodontal treatment. in some of them after the application of diode laser as an adjunct to SRP, a significant improvement of (1, 23, 30, 31) . the advantage of diode laser application for gingival curettage is also the fact that this procedure requires less time for performing compared to hand instruments (28) .
APPLICATION OF DIODE LASER FOTONA XD-2 AS ADJUNCTIVE THERAPY IN NON-SURGICAL TREATMENT OF PERIODONTAL INFECTIONS AMONG PATIENTS ON RENAL REPLACEMENT THERAPY
Diode laser application for periodontal treatment is usually referred to good clinical results and is accepted with satisfaction by patients as a less painful procedure. however, there is little direct evidence -clinical and laboratory, for the effect of this new technology application especially among the patients with severe common disease or altered immune status like the patients on renal replacement therapy.
the most common reason for renal replacement therapy is the condition of renal failure whose most common causes are diabetes, nephropathy -in all highly developed countries with 40-60% of patients, developed renal failure, arterial hypertension -15-30%, glomerulonephritis -in less than 10%, and renal polycystosis in approximately 2-3% of the cases (13, 36) .
With patients receiving haemodialysis uremia often occurs, the normal correlation of liquids and electrolytes is disturbed, the alcalo-acid imbalance is aggravated. Arterial hypertension is a very common complication. According to DenchevaGarova (17) arterial hypertension was established in 73% of the observed patients receiving haemodialysis, in 67% of the patients with renal transplantation and in 12% of the control group patients. All these patients were taking medications for treating hypertension -calcium antagonists, diuretics, beta blockers, Ace inhibitors, etc.
Patients receiving haemodialysis often suffer from anaemia and clotting disorders due to reduction in adhesion of platelets. Reduced immune defence and presence of arteriovenous shunt are factors that increase the risk of infection, formation of thrombi and endarteritis (20) , which is a good reason for many authors to recommend antibiotic prophylaxis prior to performing mechanical stage of periodontal therapy (32) .
With patients receiving haemodialysis there is a high risk of haemorrhage during periodontal therapy for many reasons: anticoagulation with heparin for maintaining an open arteriovenous shunt; traumatic impact of haemodialysis on platelets; presence of uremia disturbing platelets (20, 24) . hence, there is agreement that with patients receiving haemodialysis periodontal treatment should not be applied on the same day but a day after haemodyalysis, when the influence of heparin has stopped and uremic metabolites are taken out of the blood flow. Prothrombin time, bleeding time, as well as the number of platelets are examined to reduce the risk of haemorrhage.
Patients receiving haemodialysis or such who have received haemodialysis in the past are frequently infected by the viruses of hepatitis A, B, c, cytomegalovirus, epstein-Barr virus, hiV -which requires special attention and precautions by the dentist during treatment (17, 20) . these data verify once again the necessity of application of total aseptic and antiseptic while working; moreover, the staff taking care of such patients should be immunized against hBV, hcV (16, 18) .
immediately after the transplantation the patient remains on constant immunosuppression for the rest of their life. this is achieved by means of medicaments -cyclosporine-A, azathioprine, corticosteroids and tacrolimus, anti-thymocyte globulin. there is data for causing gingival overgrowth in 25-81% of the cases by cyclosporine-A (19, 44) .
it is considered that combined medicine therapycyclosporine-A and calcium antagonist (nefidipin) that controls hypertension and simultaneously reduces nephrotoxicity of cyclosporine, leads to a greater number of cases of gingival overgrowth (20, 48, 49, 50) . According to most authors' opinion gingival overgrowth caused by immunosuppressive medicaments is observed more frequently in the early posttransplant period (until the 4 th month) combined with low oral hygiene and/or previously damaged periodontium (2, 7, 20, 39, 46) .
Another factor that should be taken into consideration is that applying immunosuppression with azathioprine leads to anaemia, leucopenia and thrombocytopenia due to bone marrow suppression which puts patients at a high risk of infection and bleeding. With some patients longitudinal corticotherapy causes diabetes, suppresses wound healing, and there is a risk of bleeding and infection. taking into consideration the danger of infections, antibacterial, antifungal and/or antiviral treatment is included in the treatment plan in these patients in order to avert spreading of oral infection to other organs and possible septicemia (20) .
Possible adverse effects due to immunosuppression after organ transplantation are opportunistic infections and malignization as well as a tendency for reduction of grafted renal function (37) .
to the best of our knowledge there are no publications for diode laser application on medically compromised patients. taking into consideration the advantages of subgingival curettage procedure with diode laser -bactericidal effect followed by a possible marked reduction of parodontopathogens and improvement of clinical indexes, possibility for total and bloodless deepithelisation of the soft wall of periodontal pocket and low pain intensity, we turned to adjunctive application of diode laser Fotona XD-2 (808 nm) in the non-surgical stage of periodontal treatment with patients receiving haemodialysis and renal transplants.
the aim of the present study was to examine the effect of diode laser therapy as an adjunctive treatment to mechanical periodontal therapy among patients on haemodialysis or with renal transplant and having chronic gingivitis or chronic periodontitis.
Materials and Methods
Patient selection nineteen patients, mean age 43 years (from 27 to 56 years), were treated. All patients were on haemodialysis or with renal transplant. the patients' teeth with diagnosed untreated chronic gingivitis or chronic periodontitis were subjected to clinical and X-ray examination. the patients were divided into two groups -group i (test group, n = 12) -treated by SRP + laser therapy with diode laser Fotona XD-2 (808 nm) and group ii (control group, n = 7) -treated only by SRP. For the last 4 months the patients had not been treated with antibiotics or non-steroid anti-inflammatory medicaments and had not undergone periodontal therapy. All patients had received regularly medicaments for hypertension treatment, including calcium antagonists, which have the potential to cause gingival overgrowth (7). Renal transplant patients had been receiving immunosuppressive medicaments as well (cyclosporine, prednisolone, mycophenolate mofetil, sirolimus). the patients had at least 10 teeth in their mouth. All patients were given instructions about effective application of oral hygiene means and methods. they were also informed about the character and aim of the study.
Clinical examinations
the following parameters were measured during diagnostic examination:
1. Assessment of present teeth in dentition. Assessment and registration of presence or absence of each tooth from dentition in a table gram of the clinical card.
2. Assessment of Oral Hygiene Index -Debris Index (Greene and Vermillion). the coloured plaque was valued on the vestibular surface of 16, 21, 24, 41 and the same was done to the lingual surface of 36 and 44 (representative index teeth on Ramfjord). criteria: 0-absence of soft deposit or any staining; 1-presence of soft deposit covering not more than 1/3 of the tooth surface or exogenous staining with no soft deposit covering any part of the tooth surface; 2-soft deposit covering more than 1/3, but no more than 2/3 of the tooth surface; 3-soft deposit covering more than 2/3 of the tooth surface. the patient's average index was determined when dividing the sum of the separate estimates by the number of the examined teeth. 3. Assessment of Papilla bleeding index (index indicating papilla bleeding as inflammatory index). Using periodontal probe, bleeding was caused by means of sulcus "sweeping" around the mesial and distal tooth surface, from the papillae base to their apex. the intensity of bleeding was recorded in 20-30 seconds. its values were: "0" -when there was no bleeding; "1 point" -in the presence of occasional bleeding; "2 points" -in the presence of a thin blood line on the gingival edge or some bleeding; "3 points" -in the case of interdental triangle full of blood; and "4 points" -in the case of profuse bleeding. Probing was done in each quadrant: 1 st quadrant -palatine, 2 nd -vestibular, 3 rd -lingual, 4 th -vestibular. the index value was calculated as the average of all recorded values. the percent of bleeding papillae compared to all papillae determined the spreading of inflammation.
X-ray examination
Digital orthopantomography was done for establishing diagnosis during the first inspection. All patients underwent X-ray examination. By means of this method the alterations of jaw bones and teeth can be targeted and recorded momentarily. the method provides assessment of the range of osseous periodontal alterations -localized and generalized, and assessment of the level of osseous loss which is evaluated by the height of each interdental septum.
Periodontal treatment
immunosuppressive therapy is permanent and vital, but its longitudinal application leads to some adverse effects and prevention of graft rejection requires utmost professional skill (45) . Depending on patient's condition after the transplantation three subperiods are differentiated -immediate post-transplant period till the 3 rd month after the transplantation or, according to some other authors, till the 6 th month after the transplantation; stable post-transplant period; and period of chronic graft rejection (18) . During the immediate post-transplant period the risk of operative complications, prevalence of opportunistic viral and fungus infections, acute graft rejection is the greatest; therefore dental treatment should be applied only in emergency cases (22, 29, 33, 37) . All patients treated by us were in the stable post-transplant period or period of chronic graft rejection when the risk of graft rejection is lowest.
Stage I
taking into consideration the advantages of one-stage full-mouth disinfection (11, 12, 40, 42, 47) , we did a total management of the mouth within 24 hours with renal transplant patients. With patients receiving haemodialysis the whole management of the mouth was modified and was done within two appointments and 72 hours (the shortest possible interval) due to the fact that they undergo dialysis procedure every 2 days and receive heparin before dialysis procedure starts, which is contraindication for performing the manipulation. Although the heparin effect subsides in 4-5 hours, we consider the accepted stand-point for performing dental intervention on the day after the dialysis. thus we reduce the chance of protracted bleeding and we wait for the patient to be in better general condition.
the procedure included the following steps: 1. the patient irrigated their mouth with eludril 0.1%. 2. Plaque and tartar were removed mechanically (SRP) from all the teeth from the dentition till solid and smooth surface was achieved through ultrasonic apparatus and Gracey curettages.
3. treated areas were polished with professional polishing paste Super Polish.
4. immediately after the instrument management of each jaw, disinfection was performed as follows:
4.1. Irrigation with chlorhexidine solution (Eludril 0.1% fl. × 500 ml) for 1 minute; done twice. 4.2. Subgingival irrigation of all pockets with 0.1% chlorhexidine solution with a syringe and needle 6-8 mm in length.
5. the patients are given instructions to gargarize twice a day for 1 minute with 0.1% chlorhexidine solution (eludril 0.1%) at home for a period of 14 days.
Stage ІІ (the test group only) three appointments with diode laser application were included in the treatment of the test group patients. the three appointments were weekly and during each of them the plaque was controlled regarding the effectiveness of oral hygiene maintenance at home. Diode laser therapy with Fotona XD-2 (808 nm wave length) was applied. the clinical statement of Pirnat (40) for diode laser application with a wave length of 810 nm was utilized in periodontal therapy and for removal of affected pocket epithelium and disinfection of periodontal pockets.
once the mechanical management (SRP) was done, the depth of the pocket was assessed again. The fiber, 320 µm in diameter, was adjusted from 1 to 2 mm shorter in depth compared to the pocket depth and was introduced at an angle, while being held in contact with the soft tissue wall during the whole procedure.
Power of 0.8-1 W was enough for ablation of epithelium. the ablation was started near the pocket bottom and was slowly continued upwards. Bleeding from pocket wall often occurred and it was likely to be due to damaging of pocket epithelium. The fiber apex was often inspected and cleaned with wet sterile gauze to prevent from plaque accumulation. the time preparation of a pocket was 20-30 sec and it could reach approximately 1-2 minutes per tooth. the replicate treatment was supposed to be applied a week afterwards. During this period of time the periodontal pocket depth was not probed or assessed. in order to prevent undue tooth and periodontal attachmant warming the instructions for laser application were strictly followed, as well as precise diagnosis of periodontal infection was established.
Diode laser was not applied with the control group, the treatment ended with mechanical management (SRP).
Results and Discussion
the initial therapy results were recorded three months after the final management applying diode laser with the test group and three months after the final stage of mechanical management with the control group. the Papilla Bleeding index (PBi) and Oral Hygiene Index -Debris Index (OHI-DI) utilized in initial diagnostics were recorded as well. the values of the indexes for all patients during the first inspection (DI-1 and PBI-1) and after the treatment (DI-2 and PBI-2) are listed in Table 1 . Table 2 . Statistically significant differences between the PBI after the first and second inspection (P < 0.001) were observed within each group. Significant statistic differences between the OHI-DI value during the initial inspection and after the treatment (P < 0.001) were seen with both groups, as well.Statistically significant differences were not found between the two groups of patients in terms of the OHI-DI and PBI values. It is worth noting that in the test group patients the oral hygiene (ohi-DI) was worse and gingival inflammation (PBI) was more aggressive at the first inspection. In the test group there were two patients receiving dialysis, whose common condition during the experimental period was impaired increasing the liver enzyme levels for being carriers of hepatitis B and c, which, in turn, led to altered blood coagulation indexes and was possibly reflected in their PBI values.
taking into consideration the fact that the groups were not very numerous, provided the number of examined patients was raised and the observation long-term, more convincing results could have probably been obtained, and additionally, the alteration of pocket depths could have been analyzed. Generally, seven out of all patients were with periodontal pockets over 5 mm in depth, including two patients not included in the tested groups. Reduction of the pockets with about 1.5 mm was observed in most points after applying mechanical therapy with or without laser-disinfection.
the available data for diode laser application as an adjunct to classical mechanical periodontal therapy (SRP) are not compelling. the most recent report from 2011 did not indicate a statistically significant increase in the level of clinical attashman (CAL) and reduction of pocket depth (PD); there were also no considerable differences regarding Pi (plaque index) and BP (bleeding during probing) in patients who underwent non-surgical periodontal treatment with SRP and high intensity diode laser compared to the group treated only with SRP (15). higher rate reduction of periodontal pathogens when applying a diode laser of 980 nm as an adjunct to nonsurgical stage of chronic periodontitis treatment, compared to SRP only (15), was not confirmed. The contemporary review of resources that includes study of the effect of different lasers (Er:YAG, CO 2 , Nd:YAG, diode laser matched with SRP) did not find statistically significant differences regarding the clinical indexes in chronic periodontitis treatment through laser therapy -applied independently or with SRP compared to treatment depending only on SRP (43) .
According to the official stand-point of AAP (American Academy of Periodontology), the application of lasers for laser curettage, as monotherapy as well as adjunctive therapy to SRP does not correspond to significant differences in the recorded clinical parameters (PPD, CAL), compared to classical methods. lasers are unpredictable and unstable in their property of reducing subgingival bacterial levels to a greater extent than independent application of SRP (14) .
Conclusions
the results from our studies were not meant to produce compelling data regarding the application of diode laser as an adjunct to initial periodontal therapy. the study contribution is the application of diode laser therapy with patients receiving haemodialysis and renal transplant patients, utilizing its advantages -painless, relatively bloodless intervention, with comparatively lower risk of complications regarding this category of patients.
the observed periodontal alterations were not typical; they were determined by the main disease stage and medical therapy as well as personal oral hygiene. the severe health condition of patients and the applied medical therapy affected the results of the periodontal treatment.
it is necessary for the dentists to work precisely in collaboration with the specialists from the transplantation panel, which is one of the aims of the project "optimizing of the complex focal dental sanation with patients receiving haemodialysis and renal transplant" supported by the national Science Fund of Bulgaria.
